Prediction of ultra-narrow Higgs resonance in magnon Bose-condensates by Scammell, H. D. & Sushkov, O. P.
Prediction of ultra-narrow Higgs resonance in magnon Bose-condensates
H. D. Scammell and O. P. Sushkov
School of Physics, The University of New South Wales, Sydney, NSW 2052, Australia
(Dated: December 25, 2017)
Higgs resonance modes in condensed matter systems are generally broad; meaning large decay
widths or short relaxation times. This common feature has obscured and limited their observation
to a select few systems. Contrary to this, the present work predicts that Higgs resonances in
magnetic field induced, three-dimensional magnon Bose-condensates have vanishingly small decay
widths. Specifically for parameters relating to TlCuCl3, we find an energy (∆H) to width (ΓH) ratio
∆H/ΓH ∼ 500, making this the narrowest predicted Higgs mode in a condensed matter system, some
two orders of magnitude ‘narrower’ than the sharpest condensed matter Higgs observed so far.
PACS numbers: 64.70.Tg, 75.40.Gb, 75.10.Jm, 74.20.De
The Higgs mechanism, and associated Higgs modes,
play a central role in modern physics. The mechanism is
responsible for the mass generation of all observed par-
ticles in nature, and is the only known, universal mech-
anism to do so. Higgs modes are a generic property of
systems with a spontaneously broken continuous symme-
try. This includes prominent condensed matter phenom-
ena; superconductivity, Bose condensation (BEC) and
superfluidity, quantum magnetism, etc., as well as the
Electroweak vacuum. Due to the ubiquity and impor-
tance of Higgs modes across many branches of physics,
their detection has been an exciting, yet difficult, chal-
lenge. Notably, the discovery of the Electroweak Higgs
boson [1, 2] meets both of these descriptions. Also at-
tracting a great deal of attention, and proving to host
their own difficulties, are the Higgs modes of condensed
matter systems. They have been observed in the fol-
lowing settings; the charge density wave superconductor
NbSe2 (1981) [3, 4], three dimensional quantum antifer-
romagnet (AFM) TlCuCl3 (2008) [5], superfluid
87Rb
atoms in an optical lattice (2012) [6], superconducting
NbN (2013) [7, 8], and two dimensional quantum AFM
Ca2RuO4 (2017) [9]. Each setting offers unique insights
into the dynamics of Higgs modes and, in particular, the
role played by symmetry, dimensionality, as well as the
coupling to different degrees of freedom. Such factors
are seen to have a dramatic influence on the dynamical
properties and, ultimately, the observability of the Higgs
modes.
A dimensionless parameter characterising the quality
of the Higgs mode is the ratio of the mode energy over
the decay width, Q = ∆H/ΓH . For many interest-
ing, symmetry-broken systems, the Higgs modes obtain
Q ∼ 1, implying such poor quality that the mode is un-
observable. This is the case for the Higgs partners to
the following low energy modes: the Higgs partner to
spin waves in simple Heisenberg AFM; the partner to
pi-mesons (chiral symmetry breaking) [10]; the partners
to sound in atomic BEC and in superfluid Helium, etc.
It is worth noting that in some cases it is possible to
detect Higgs modes indirectly, even for low Q ∼ 1. For
example, in the case of superconductors NbSe2 and NbN,
observation requires either the presence of charge density
wave order, or the implementation of out-of-equilibrium
spectroscopy [11–13]. To the best of our knowledge, the
narrowest Higgs mode observed in a condensed matter
system, to date, has quality factor Q = 5. This is the
Higgs resonance in AFM phase of quantum antiferromag-
net TlCuCl3 [5]. The high quality factor is, in part, due
to proximity to the quantum critical point (QCP) [14].
On the other hand, the quality factor of the fundamen-
tal 125 GeV Higgs boson in particle physics is Q ≈ 2×104
[15]. Can one have something comparable in a condensed
matter system? In the present work we argue that it is
both possible, and accessible within current experimen-
tal techniques. We predict a very narrow Higgs reso-
nance in BEC of magnons in an external magnetic field.
The predicted resonance width is so narrow that it may
be beyond the resolution of inelastic neutron scattering
techniques, with meV resolution [5]. Instead measure-
ment would require µeV resolution, for which neutron
spin-echo technique is appropriate [16]. Moreover, Ra-
man spectroscopy, which probes the scalar response chan-
nel, has been used to study Higgs modes of magnon-Bose
condensates [17, 18]. Raman spectroscopy may therefore
provide a suitable means to study the Higgs decay width
[19].
Although magnon BEC have attracted immense ex-
perimental [20–27] and theoretical [28–33] interest over
the past two decades, see reviews [34, 35], the issue of
the Higgs magnon width in the BEC phase has not been
addressed. Theoretically, the width in the usual AFM
phase (i.e. not the BEC) was considered in Ref. [14] and
also in recent Monte Carlo simulations [36, 37].
In this work we address three dimensional (3D) quan-
tum AFMs, having in mind TlCuCl3 and similar. The
zero temperature phase diagram of the system we con-
sider is shown in Fig. 1, where Fig. 1(a) corresponds
to a zero magnetic field slice of Fig. 1(b). The quan-
tum phase transition is driven by an external parameter,
say pressure p. At p > pc the system is in the AFM
phase, the order parameter ϕc 6= 0 is proportional to
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We predict that the Higgs resonance in a magnetic field induced, magnon Bose-condensate has a
vanishingly small decay linewidth. The magnetic field causes a dramatic reduction in the linewidth;
up to three orders in magnitude reduction relative to the same system in absence of magnetic field.
Specifically for parameters relating to TlCuCl3, we predict a linewidth ( H) to energy ( H) ratio
 H/ H ⇠ 10 4, making this the narrowest predicted Higgs mode in a condensed matter system.
The results o↵er an exciting avenue for future experimental and numerical studies of the Higgs
resonance in a condensed matter system.
PACS numbers: 64.70.Tg, 75.40.Gb, 75.10.Jm, 74.20.De
Introduction
The Higgs mechanism and the related Higgs parti-
cles/modes play a central role in modern physics. The
Higgs mechanism is responsible for the mass generation
of all observed particles in nature, and is the only known,
universal mechanism to do so. As expected, the discov-
ery of the Higgs particle [1, 2] has been met with con-
siderable excitement. Higgs modes are a generic prop-
erty of systems with a spontaneously broken continuous
symmetry. This includes prominent condensed matter
phenomena; superconductivity, Bose condensation and
superfluidity, quantum magnetism etc. Because of the
generic importance of Higgs modes in modern physics,
they have attracted a lot of attention. Notably, Higgs
modes have been observed in various settings; the charge
density wave superconductor NbSe2 (1981) [3, 4], three
dimensional quantum antiferromagnet TlCuCl3 (2008)
[5], superfluid 87Rb atoms in an optical lattice (2012) [6],
superconducting NbN (2013) [7, 8], and two dimensional
quantum antiferromagnet Ca2RuO4 (2017) [9]. Each set-
ting o↵ers unique insights into Higgs physics and the role
played by symmetry, dimension, and coupling to di↵er-
ent degrees of freedom. These factors have a dramatic
influence on the spectral properties; decay linewidth and
excitation energy, and ultimately the observability of the
Higgs modes.
A dimensionless parameter describing “quality” of the
Higgs mode is the ratio of the mode energy over the decay
width, Q =  H/ H . Most often Q ⇠ 1 and this implies
that the quality is so poor that the Higgs mode is unob-
servable. This is the case for the Higgs partner to spin
waves in simple Heisenberg antiferromagnets, Higgs part-
ner to ⇡-mesons (chiral symmetry breaking) [10], Higgs
partners to sound in atomic Bose condensates and in su-
perfluid Helium, etc. It is worth noting that sometimes
the Higgs physics can be detected indirectly even at low
Q ⇠ 1. For example, in the case of superconductors the
observation requires either the presence of charge density
wave order, or the implementation of out-of-equilibrium
spectroscopy [11–13]. To the best of our knowledge the
narrowest Higgs mode observed in a condensed matter
system so far has quality factor Q = 5. This is the Higgs
resonance in antiferromagnetic phase of quantum antifer-
romagnet TlCuCl3 [5]. Such “high” quality factor is due
to proximity to the quantum critical point (QCP) [14].
On the other hand, the quality factor of the fundamen-
tal 125 GeV Higgs boson in particle physics is Q ⇡ 2⇥104
[15]. Can one have something comparable in a con-
densed matter system? In the present work we show
that the answer to this question is yes. We predict a very
narrow Higgs resonance in Bose-condensates of magnons
in an external magnetic field. The predicted resonance
linewidth is so narrow that mostly likely a neutron spin-
echo technique, with µeV resolution [16], would be re-
quired for measurement.
Although magnon Bose-condensates have attracted
immense experimental [17–24] and theoretical [25–30] in-
terest over the past two decades, see reviews [31, 32],
the issue of the Higgs magnon linewidth in the Bose-
condensate phase has never been addressed before. The-
oretically, the linewidth in the usual antiferromagnmetic
phase (i.e. not the Bose-condensate) was considered in
Ref. [14] and also in recent Monte Carlo simulations
[33, 34].
In this work we address three dimensional (3D) quan-
tum antiferromagntes like TlCuCl3 and similar. The
systems are close to quantum criticality, therefore usual
spin-wave or triplon techniques are ine cient, especially
for such a delicate issue as the linewidth of the Higgs
mode. Here we apply quantum field theory to address
the problem.
'c
Theory description
We study 3+1 dimensional, critical quantum antiferro-
magnets (O(N) model), with the addition of an external
magnetic field. The quantum critical point, and ordered
phases are described by an e↵ective quantum field theory
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Higgs mechanism is responsible for the mass generation
of all observed particles in nature, nd is the only known,
universal mechanism to do so. As expec ed, the discov-
ery of the Higgs particle [1, 2] has been met with con-
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symmetry. This includes prominent condensed matter
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dens ty wave superconductor NbSe2 (1981) [3, 4], three
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influence on the spectral properties; decay linewidth and
excitation energy, and ultimately the observability of the
Higgs modes.
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Higgs mode is the ratio of th mod nergy over the decay
width, Q =  H/ H . Most often Q ⇠ 1 and this implies
that the quality is so poor that the Higgs mode is unob-
servable. This is the case for the Higgs partner to spin
waves in simple Heisenberg antiferromagnets, Higgs part-
ner to ⇡-mesons (chiral symmetry breaking) [10], Higgs
partners to sound in atomic Bose condensates and in su-
perfluid Helium, etc. It is worth noting that sometimes
the Higgs physics can be detected indirectly even at low
Q ⇠ 1. For example, in the case of superconductors the
observation requires either the presence of charge density
wave order, or the implementation of out-of-equilibrium
spectr scopy [11–13]. To th best of our knowledge the
narrowest Higgs mode observed in a condensed matter
system so far has quality factor Q = 5. This is the Higgs
res nance in antiferromagnetic phase of quantum antifer-
romagnet TlCuCl3 [5]. Such “high” quality factor is due
to proximity to the quantum critical point (QCP) [14].
On the other hand, the quality factor of the fundamen-
tal 125 GeV Higgs boson in particle physics is Q ⇡ 2⇥104
[15]. Can one have something comparable in a con-
densed matter system? In the present work we show
that the answer to this question is yes. We predict a very
narrow Higgs resonance in Bose-condensates of magnons
in an external magnetic field. The predicted resonance
linewidth is so narrow that mostly likely a neutron spin-
echo technique, with µeV resolution [16], would be re-
quired for measureme t.
Although magnon Bose-condensates have attracted
immense experimental [17–24] and theoretical [25–30] in-
terest over the past two decades, see reviews [31, 32],
the issue of the Higgs magnon linewidth in the Bose-
condensate phase has never been addressed before. The-
oretically, the linewidth in the usual antiferromagnmetic
phase (i.e. not the Bose-condensate) was considered in
Ref. [14] and also in recent Monte Carlo simulations
[33, 34].
In this work we address three dimensional (3D) quan-
tum antiferromagntes like TlCuCl3 and similar. The
systems are close to quantum criticality, therefore usual
spin-wave r triplon techniques are ine cient, especially
for such a delic te is ue as the linewidth of the Higgs
mode. Here we apply quantum field theory to address
the problem.
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that the quality is so poor that the Higgs mode is unob-
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FIG. 1: Zero te erature phase diagram. P nel a: M on
gap (p < pc) and spon aneous staggered ma netization (p >
pc) versus pressure at zero magnetic field, B = 0. Panel
b: Pressure-Magnetic field phase diagram. The vertical axis
shows spontaneous staggered magnetization. The dashed line
in the B − p plane shows a contour connecting the simple
AFM phase at B = 0 and the BEC phase at p = 0. The red
band in both panels indicates the region where the width of
the Higgs excitation has been measured.
the staggered magnetization. The region p < pc corre-
sponds to the magnetically disordered phase, where the
excitations – triplons, are gapped and are triply degen-
erate. We denote by m the gap in the triplon spectrum.
BEC of magnons at p < pc can be driven by external
magnetic field B. Evolution of the triplon gap under
the magnetic field is shown in Fig. 2(a). At weak field
there is simple Zeeman splitting of the triple degenerate
gapped triplon. At the critical value of the field Bc the
lowest dispersion branch strikes zero. This is the BEC
critical point. At a higher field the lowest branch re-
mains gapless, this is the Goldstone mode of the magnon
BEC. Gaps in the middle branch (z-mode) and the top
branch (Higgs mode) continue to evolve with field. The
zero temperature B − p phase diagram is presented in
Fig. 1(b) where the vertical axis shows the order param-
eter. The diagram clearly indicates that the AFM phase
at B = 0, p > pc is continuously connected with the
BEC phase at p = 0, B > Bc [38]. Evolution of excita-
tion gaps with magnetic field at zero pressure, p = 0, is
shown in Fig. 2(a). Evolution of excitations gaps along
the dashed contour in the B − p plane in Fig. 1(b) is
shown in Fig. 2(b). Markers in Fig. 2 indicate experi-
mental data for TlCuCl3 and solid lines represent theory
described below.
The systems analysed here are close to quantum crit-
icality, where usual spin-wave or triplon techniques are
insufficient. Instead, the present analysis employs quan-
tum field theory. The σ-model-type effective Lagrangian
of the system reads [14, 39],
L[~ϕ] = 1
2
(∂t~ϕ− ~ϕ× ~B)2 − 1
2
(~∇~ϕ)2 − 1
2
m2~ϕ 2 − 1
4
α~ϕ 4.
(1)
Here ~ϕ is a real vector field describing AFM magnons,
m2 = γ2(pc− p) is the pressure dependent effective mass
(γ is a coefficient), and α is the coupling constant. In
Eq. (1) we set the magnetic moment and the magnon
speed equal to unity gµB = c = 1. Of course, when com-
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FIG. 2: Evol tion of excitation gaps through the BEC phase
transition. Markers indicate experimental data for TlCuCl3
[40]. Solid lines are our theoretical results. Panel a: Gaps
versus B-field at zero pressure. Panel b: Gaps versus B-field
along the dashed line in Fig. 1(b) connecting AFM and BEC
phases. Letters H, z, and G indicate Higgs, z- and Goldstone
modes in the ordered phase. While numbers {−1, 0,+1} refer
to Zeeman split modes in the disordered phase, discussed in
text.
paring with experimental data these quantities have to
be restored. Quantum fluctuations renormalise values of
m2 and α. The effect of renormalization is well under-
stood [41]; the bare values of m and α are to be replaced
by logarithmically renormalized values, m → mR(Λ),
α → αR(Λ). In our analysis, the renormalization scale,
Λ, is equal to the Higgs gap. We will not discuss logarith-
mic renormalization any further. In the spontaneously
broken AFM/BEC phase, the classical expectation value
immediately follows from (1), ϕ2c = (B
2 − m2)/α > 0.
Hence the field is ~ϕ = (ϕc + σ, piy, piz). Here we choose
x-axis to be the direction of the spontaneous magnetiza-
tion ϕc which is orthogonal to the magnetic field directed
along the z-axis. Eq. (1) rewritten in terms of dynamic
fields, σ, piy, and piz, reads
L = L2 + L3 + L4 , (2)
L2 = 1
2
[σ˙2 + p˙i2y + p˙i
2
z ] +B[σp˙iy − σ˙piy] ,
− 1
2
[∇σ2 +∇pi2y +∇pi2z]− (B2 −m2)σ2 −
1
2
B2pi2z ,
L3 = −αϕcσ(σ2 + pi2y + pi2z) ,
L4 = −α
4
(σ2 + pi2y + pi
2
z)
2 .
Performing Fourier transform, σ, pi ∝ e−iωt+ik·r, and us-
ing the relation 12ϕ
TG−1ϕ = L2, we obtain the matrix
Green’s function
G−1 =
 −k2 + 2(B2 −m2) 2iBω 0−2iBω −k2 0
0 0 −k2 +B2
 , (3)
where k = (ω,k), k2 = ω2 − k2. Evaluating |G−1| = 0
results in the following dispersions for Higgs, Goldstone,
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FIG. 3: Panel a: Zero spatial momenDispersions of Higgs (H)
z- and Goldstone (G) modes for B = Bc (solid black) and
B = 1.1Bc (red dashed). Panel b: Scaling functions: φG(δ)
(green) and φz(δ) (yellow), Pink shaded region indicates BEC
phase, δ < 1. The AFM phase at B = 0 corresponds to
δ =∞.
and z-modes
ωHk =
√
k2 + 3B2 −m2 +
√
4B2k2 + (3B2 −m2)2
ωGk =
√
k2 + 3B2 −m2 −
√
4B2k2 + (3B2 −m2)2
ωzk =
√
k2 +B2. (4)
Theoretical values of ωk=0, given in Eq. (4), are plotted
in Fig. 2 by solid lines [42]. Note that (4) is valid at B >
Bc in the spontaneously broken phase. In the disordered
phase at B < Bc there is simple Zeeman splitting of
triplon dispersions, ω
(l)
k =
√
k2 +m2 + lB, where l =
0,±1. Plots of dispersions (4) versus momentum for two
values of magnetic field, B = Bc and B = 1.1Bc are
presented in Fig. 3(a). At the critical point, B = Bc, the
Goldstone mode is quadratic in momentum at k → 0. At
B > Bc the Goldstone mode is linear at k → 0 with a
non-linear bend at k ∼ B −Bc.
In principle, the decay amplitude of the Higgs mode
is given by L3 and L4 in Eq. (2). However, in the
BEC phase there is an important physical and techni-
cal complication that originates from the Berry phase
term B[σp˙iy − σ˙piy] in L2, which is not present in the
usual AFM phase. This term introduces off diagonal ki-
netic terms into the Lagrangian (or equivalently, into the
Green’s function (3)), which cause mixing, or hybridiza-
tion, between the σ and piy modes. In a standard field
theory or in a spin-wave theory without off-diagonal ki-
netic terms, the field operator is represented as a combi-
nation of corresponding creation and annihilation opera-
tors, σ ∝∑k[akeiωkt−ik·x+a†ke−iωkt+ik·x]. This remains
valid in the AFM phase of the present work. However,
owing to the Berry phase, this is not valid in the BEC
phase. Below we elaborate how to correctly represent the
field operators σ, pix/y in terms of creation/annihilation
operators, since it is important for understanding the re-
sults of the paper.
Let ak/a
†
k, bk/b
†
k, and ck/c
†
k be the annihila-
tion/creation operators of the Higgs, Goldstone, and
H
G
G
H z
z
z G
z
FIG. 4: Diagrams for the Higgs and z-mode decay channels.
z- modes. Accordingly, the Hamiltonian reads H =∑
k
[
ωHk a
†
kak + ω
G
k b
†
kbk + ω
z
kc
†
kck
]
+ const. It is shown
in Section I of the supplementary material that the field
operators are to be expressed in terms of the creation and
annihilation operators in the following way
σ(x, t) =
∑
k
{
AH,k[akeiωHk t−ik·x + a†ke−iω
H
k t+ik·x]
+AG,k[bkeiωGk t−ik·x + b†ke−iω
G
k t+ik·x]
}
piy(x, t) =
∑
k
{
BH,k[akeiωHk t−ik·x − a†ke−iω
pi
k t+ik·x]
+BG,k[bkeiωGk t−ik·x − b†ke−iω
G
k t+ik·x]
}
piz(x, t) =
∑
k
1√
2ωzk
[cke
iωzkt−ik·x + c†ke
−iωzkt+ik·x] (5)
where, denoting α = H,G, the coefficients are
Aα,k =
√
ωαkB
2
(B2 +m2)(ωαk )
2 + (3B2 −m2)(2B2 − 2m2 + k2)
Bα,k = Dα,kAα,k , Dα,k = −2iω
α
kB
(ωαk )
2 − k2 . (6)
In a conventional BEC, the Higgs mode is longitudinal
and the Goldstone mode is transverse. As demonstrated
in Eqs. (5), this is not true for the magnon BEC. Both
longitudinal and transverse waves are linear combina-
tions of Higgs and Goldstone excitations. The bending
of the Goldstone dispersion at k ∼ B−Bc, see Fig. 3(a),
is a direct manifestation of this hybridisation.
From the interaction term L3 (2) and Eq. (5), we
conclude that Higgs can decay into two Goldstone ex-
citations and into two z-excitations, as shown diagram-
matically in Fig. 4(a). The decay matrix elements follow
from Eqs.(2),(5)
MH→GG = 2αϕcAH,k0AG,k1AG,k2×
{3 +DG,k1DG,k2 −DG,k1DH,k0 −DG,k2DH,k0}
MH→zz = 2αϕc AH,k0√
2ωzk12ω
z
k2
. (7)
Here we denote the momentum of initial Higgs by k0
and momenta of final particles by k1 and k2. The decay
width is given by Fermi golden rule
Γ =
1
2
(2pi)4
∫
d3k1
(2pi)3
d3k2
(2pi)3
× |M|2δ(ωk0 − ωk1 − ωk2)δ(k0 − k1 − k2), (8)
4where the coefficient 1/2 stands to avoid double counting
of final bosonic states. A direct integration gives the
decay widths. For clarity, and to avoid lengthy formulas,
we present here only the partial widths in rest frame,
k0 = 0, ω
H =
√
2(3B2 −m2),
ΓH→GG
ωH
=
α0
8pi
φG(δ) (9)
ΓH→zz
ωH
=
α0
8pi
φz(δ) ,
where the scaling functions φG and φz depend on the
parameter, δ2 = αϕ2c/B
2 = 1−m2/B2
φG(δ) =
δ2
2
(
3− 2(2 + δ
2)− 4(δ2 −√δ4 + 2δ2 + 4)
(δ2 −√δ4 + 2δ2 + 4)2
)2
× (2 +
√
δ4 + 2δ2 + 4)
√
2− δ2 + 2√δ4 + 2δ2 + 4
(2 + δ2)3/2
√
δ4 + 2δ2 + 4(2 + δ2 +
√
δ4 + 2δ2 + 4)2
,
φz(δ) =
δ3/2
(2 + δ2)3/2
. (10)
The parameter, δ, ranges from δ = 0 at a BEC critical
point at; p < pc, m
2 > 0, and B = m, to δ = ∞ in the
AFM phase; p > pc, m
2 < 0, and B = 0. Asymptotics
of the scaling functions are: φG(∞) = φz(∞) = 1/2,
φG(δ → 0) ∝ δ6, φz(δ → 0) ∝ δ3. Plots of φG(δ) and
φz(δ) are presented in Fig. 3(b). A very strong suppres-
sion at small δ is evident, and this constitutes our main
physical result.
In the AFM phase at B = 0, δ = ∞, the total width
Γ = ΓH→GG + ΓH→zz has been already measured [5]
and calculated [14, 36, 37]. In this regime, Eq. (9)
gives Γ/ωH = α/8pi which is consistent with previous
work [5, 14, 36, 37]. The most interesting prediction
of Eq. (9) is the dramatic suppression of the width at
δ <∞ and especially in the BEC phase (δ < 1). Explic-
itly for TlCuCl3, taking p = 0 and B = 1.1Bc ≈ 6.4T,
the Higgs gap is ωH ≈ 1.6meV and the quality factor
Q = ωH/Γ ≈ 500, predicted by Eq. (9), is much higher
than that in the AFM phase (Q ≈ 5) which itself is the
highest Higgs quality factor observed in a condensed mat-
ter system so far. Even at the BEC border line, p = pc,
δ = 0, the quality factor is Q ≈ 50.
It is interesting to note that the z-mode is even more
narrow than the Higgs. The dominant decay channel is
via emission of the Goldstone excitation, z → z + G,
Fig. 4(b) (double Goldstone emission is also possible,
z → z + G + G, but with lower amplitude). Moreover,
the decay is possible only if the speed of z is higher than
the speed of Goldstone excitation, making this a mag-
netic analog of Cherenkov radiation. Due to L4 in Eq.
(2) the Higgs mode can also decay into three Goldstones,
H → G + G + G. However, the probability of this de-
cay mode is much smaller than H → G + G considered
above due to a reduced phase space and being at next-
order in perturbative coupling α. At non-zero tempera-
ture Raman processes become possible, H+G→ H+G,
z+G→ z+G. The corresponding broadening can be cal-
culated using the developed technique supplemented with
appropriate Bose occupation factors. However, at low T ,
the Raman broadening is small due to Bose occupation
factors, and therefore we do not consider it here. Com-
paring with real compounds one often has to account for
weak spin-orbit anisotropy; we explicitly treat this sce-
nario in Section II of the supplementary material. The
anisotropy slightly changes one or more mode dispersion.
Which mode is affected depends on the orientation of the
magnetic field. If magnetic field is oriented such that the
anisotropy only shows up as an additional gapping of the
z-mode, the Higgs partial decay into the z-mode will be
further reduced due to phase space, strengthening the
present conclusions. Finally, it is worth noting that in
the BEC phase the width becomes so narrow that the
decay into two phonons may be comparable with purely
magnetic decay mechanisms considered here.
In conclusion, we predict that Higgs modes in a
magnon Bose-condensate phase of 3D quantum mag-
nets are ultra-narrow, i.e. have vanishingly small decay
width. We demonstrate that the Higgs mode in the Bose-
condensate phase can be tuned to have a decay width
two orders of magnitude smaller than the correspond-
ing mode in the antiferromagnetic phase, which itself
is the narrowest Higgs mode observed so far in a con-
densed matter system. An essential feature of the Bose-
condensate is a Berry phase contribution that causes the
collective modes; Higgs and Goldstone, to appear as the
hybridisation of longitudinal and transverse excitations
of the condensate order parameter. This hybridisation
plays a key role in narrowing the Higgs mode. Moreover,
we calculate dispersions of all collective excitations in the
magnon Bose-condensate phase and find that hybridisa-
tion also manifests itself as a bending of the dispersion
branches, thus providing further experimental tests of the
scenario posed here.
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